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Abstract
The model of the pure one-pion exchange mechanism, which gives a good description of the GAMS results on the alteration
of the S-wave π0π0 mass spectrum in the f0(980) region in the reaction π−p→ π0π0n with increasing −t , is compared with
the recent detailed data on the m and t distributions of the π−p→ π0π0n events obtained by the BNL-E852 Collaboration. It
is shown that the predictions of this model are not confirmed by the BNL data. Therefore, the observed phenomenon should be
explained by some different exchange mechanism.
 2002 Elsevier Science B.V.
PACS: 12.40.Nn; 13.75.Lb; 13.85.Hd
1. Introduction
In two recent experiments on the reaction π−p→
π0π0n at high energies performed by the GAMS Col-
laboration at Institute of High Energy Physics [1,2]
and the BNL-E852 Collaboration at Brookhaven Na-
tional Laboratory (BNL) [3,4] it has been found a
very interesting phenomenon consisting in the alter-
ation of the S-wave π0π0 mass spectrum in the vicin-
ity of the f0(980) resonance with increasing of −t ,
where t is the square of the four-momentum trans-
ferred from the incoming π− to the outgoing π0π0
system. If, for small values of −t , where the reaction
π−p → (π0π0)S n (hereafter (ππ)S denotes a ππ
E-mail addresses: achasov@math.nsc.ru (N.N. Achasov),
shestako@math.nsc.ru (G.N. Shestakov).
system with the orbital angular momentum L = 0)
is dominated by the one-pion exchange mechanism,
the f0(980) resonance manifests itself in the (π0π0)S
mass spectrum as a dip due to its strong destructive
interference with the large and smooth background,
then, for large values of −t , it appears as a peak [1–4].
The GAMS and BNL-E852 results are based on
high statistics and impose severe demands on the phe-
nomenological models constructed for their explana-
tion.
The first description of the GAMS results on the
f0(980) resonance [1] has been performed in Ref. [5]
on the basis of the pure one-pion exchange (POPE)
model for the π−p→ (π0π0)S n reaction amplitude
and the K-matrix approach for the construction of
the S-wave amplitude with isospin I = 0 for the
subprocess π∗+(t)π− → π0π0 (where π∗(t) is a
Reggeized pion). To explain the observed dip and
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peak behavior of the f0(980) the authors of Ref. [5]
had to provide the individual contributions to the
S-wave π∗+(t)π− → π0π0 amplitude with rather
exotic t dependencies. With minor modifications such
a treatment of the GAMS data [1] has been also
reproduced in a series of the subsequent publications
[6–9], together with analyses of the other data and
discussions of the quark content of the light scalar
mesons. In Ref. [8], using the model results obtained
for the t dependence of the (π0π0)S mass spectrum,
the radii of the scalar isoscalar mesons, in particular,
of the f0(980), have been also estimated.
In spite of the quite satisfactory descriptions of
the GAMS data in Ref. [5] the suggested POPE
model certainly needs additional experimental tests.
In part, we have already pointed out [10] that this
model can be easily tested by experiment owing
to its specific predictions, for example, for the t
distributions of the π−p → (π0π0)S n events in the
region 0 < −t < 0.2 GeV2 for m < 1 GeV (where
m is the invariant mass of the (π0π0)S system).
However, so far this cannot be done because the
comparison with the available GAMS data [1] does
not allow to reveal all predictions hidden in the
POPE model [5]. Fortunately, the detailed data on
the m and t distributions of the π−p → (π0π0)S n
events presented very recently by the BNL-E852
Collaboration [4] give a unique possibility to realize
the full test of the POPE model. A detailed comparison
of the POPE model with the BNL data is the main goal
of this work.
In Section 2, we briefly recall the initial POPE
model constructed in Ref. [5] for the description of the
dip and peak behavior of the (π0π0)S mass spectrum
in the f0(980) region. All subsequent versions [6–9]
of this model are also briefly discussed. We point out
that the POPE model [5] violates of the t dependence
factorization hypothesis for the S-wave π∗(t)π →
ππ amplitude. In contrast, this hypothesis, as it is
well known, has been widely used previously as a
simple and reliable working tool for obtaining the
data on the lower ππ scattering partial waves (see,
for example, Refs. [11–16]). Here we also discuss the
possibility of experimental verification of the POPE
model predictions associated with the above violation.
In Section 3, we perform a detailed comparison of
the POPE model [5] with the BNL data [4]. Our
conclusions are briefly summarized in Section 4.
2. Model of the one-pion exchange amplitude for
the reaction π−p→ (π0π0)S n
The double differential distribution in m and t
of the π−p → (π0π0)S n reaction events at fixed
incident pion momentum is defined by the authors of
the POPE model [5] as follows
(1)d
2N
dmdt
= C
∣∣∣∣
√−t
m2π − t
F (t)aππ(m, t)
∣∣∣∣2,
where C is the normalization constant, F(t) is the
form factor pertaining to the π∗(t)NN vertex and
aππ(m, t) is the S-wave π∗(t)π → ππ amplitude
with I = 0. Let us briefly recall the key elements
of the K matrix method which they used to para-
metrize the amplitude aππ(m, t). The analysis of the
π∗(t)π → ππ amplitude, when one of the initial pion
is virtual, requires a modification of the first pion inter-
action. In the K-matrix approach, this means [5] that
the K matrix elements depend on t (virtual pion mass
squared) in the numerator of the scattering amplitude:
Aˆ= K̂(t)(Iˆ − iρˆK̂)−1, where Aˆ and K̂ are 2× 2 ma-
trices describing the transitions in the ππ and K 	K
channels, Iˆ is identity matrix and ρˆ is a diagonal ma-
trix of the phase spaces. Thus the amplitude aππ(m, t)
can be written in the following form [5]:
aππ(m, t)
= {Kππ(t)+ iρK[KπK(t)KKπ −Kππ(t)KK 	K]}
(2)
× {1− iρπKππ − iρKKK 	K
+ ρπρK
[
KπKKKπ −KππKK 	K
]}−1
,
where ρπ = (1−4m2π/m2)1/2, ρK = (1−4m2K/m2)1/2
(ρK → i|ρK | for 0 <m< 2mK ). As t→m2π , the am-
plitude (2) transforms into a standard ππ elastic scat-
tering amplitude if Kab = Kab(t = m2π); Kab = Kba .
Here the subscripts a = π,K and b = π,K (or 	K)
are the abbreviated labels used in Ref. [5] for the
ππ and K 	K channels. To describe the data in the re-
gion 0.7 <m< 1.2 GeV the authors used a two-pole
K-matrix parametrization:
Kπb(t)=
[
gπ(t)gb
M21 −m2
+ Gπ(t)Gb
M22 −m2
+ fπb(t)
]
×
(
1− m
2
π
2m2
)
,
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(3)KK 	K =
[
g2K
M21 −m2
+ G
2
K
M22 −m2
](
1− m
2
π
2m2
)
,
where gb and Gb are the coupling constants of the
bare resonance states with the masses M1 and M2
to the meson channel b, respectively; gπ (t), Gπ(t),
and fπb(t) tend, respectively, to gπ , Gπ , and fπb as
t →m2π , the parameters fπb describe the background
contributions to the K matrix elements, and the (1 −
m2π/2m2) factor provides the Adler zero of the ππ
scattering amplitude [5].1 The concrete t dependence
of the residues gπ(t), Gπ(t) and fπb(t) assumed in
Ref. [5] is discussed below.2
In order to simplify the discussion of the expres-
sion (2), it is convenient, for the moment, to neglect
in Eq. (3) the background terms fπb(t) and the quan-
tity m2π/2m2 which is negligible for m≈ 1 GeV. With
these simplifications in mind, Eq. (2) can be rewritten
in the following more transparent form:
aππ(m, t)=
{
gπ (t)
[
D2(m)gπ +Π12(m)Gπ
]
+Gπ(t)
[
D1(m)Gπ +Π12(m)gπ
]}
(4)× [D1(m)D2(m)−Π212(m)]−1,
where D1(m) = M21 − m2 − ig2πρπ − ig2KρK and
D2(m) = M22 − m2 − iG2πρπ − iG2KρK are the in-
verse propagators for the initial bare resonances, and
Π12(m) = igπGπρπ + igKGKρK is the amplitude
describing the transitions between these resonances
through the real ππ and K 	K intermediate states. In
Eq. (4), it is easily recognized that the amplitude of
the process π∗(t)π → ππ with L = I = 0 is due
to the contributions of two mixed resonances coupled
to the ππ and K 	K channels.
It is now clear that the observed alteration of the
(π0π0)S mass spectrum can be described with the
considered model only if the destructive interference
between two resonances at m ≈ 1 GeV, which occurs
in the low −t region, is replaced by the constructive
1 Note that the function (1−m2π/2m2) is bad because of a pole at
m2 = 0. Furthermore this function turns to 1 at mπ = 0. The Adler
idea arose from the theory of massless pions and the success of the
chiral theory assumes that the world of massless pions is close to the
real one.
2 Using the representation (2), it is easy to show that the authors
of Ref. [5] missed in Eq. (1) the m dependent factor mρπ/(1 GeV)
which is approximately equal to 1 only in the vicinity of m= 1 GeV.
one with increasing −t . According to Eq. (4), this
means a change of the interference type between the
terms proportional to gπ(t) and Gπ(t). In its turn, this
is possible only if, as −t increases, one of the residues,
for example, gπ (t), decreases in absolute value, van-
ishes at a certain value t = t0, and then changes its
sign. According to the fit to the GAMS data presented
in Ref. [5], this has to occur for −t < 0.2 GeV2.
Hence, due to such an approach, the t dependence
of the amplitude aππ(m, t) must not factorize at
m≈ 1 GeV even in the low −t region. Here, in addi-
tion to the remark mentioned in the Introduction about
the t dependence factorization hypothesis, we note
that the results on the ππ scattering obtained by using
this hypothesis were always in close agreement with
those of the more general Chew–Low extrapolation
method [11–16]. In its simplest and most frequently
used form [12–16], the factorization hypothesis im-
plies in this case that, at least for small values of −t ,
i.e., in the region 0 < −t < (0.15 − 0.20) GeV2, the
amplitude aππ(m, t) is proportional to the on-mass-
shell amplitude aππ(m, t =m2π). In doing so, the fac-
tor of proportionality is generally taken in the form
exp[b(t−m2π )]. On the other hand, if one explains the
GAMS data in the framework of the POPE model [5],
then the factorization hypothesis must be rejected from
the outset.
In Ref. [5], the following parametrization for the
residues gπ (t), Gπ(t), fππ (t) and fπK(t) was postu-
lated:
gπ(t)= gπ +
(
1− t/m2π
)
tg′π
/
m2π ,
(5)Gπ(t)=Gπ +
(
1− t/m2π
)
tG′π
/
m2π ,
fππ (t)=
(
1− t/m2π
)
tf ′ππ
/
m2π ,
(6)fπK(t)= fπK +
(
1− t/m2π
)
tf ′πK
/
m2π .
In the best of the three fit variants given in Ref. [5],
M1 = 0.773 GeV, M2 = 1.163 GeV, gπ = 0.848 GeV,
g′π = 0.0479 GeV,Gπ = 0.848 GeV,G′π =−0.0259 GeV,
f ′ππ = 0.0963, fπK = 0.687, and f ′πK = 0.0818.
It follows from Eq. (5) that gπ(t) vanishes at t ≈
−0.0728 GeV2.3 Hence, with increasing −t , a dip
3 Furthermore, as −t varies from 0 to 1 GeV2, the functions
g2π (t) and G2π (t) increase, respectively, by approximately factors
of 22000 and 6000. The appearing enormous rise with −t of
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Fig. 1. The zero “trajectory” of the amplitude aππ (m, t) in the
model of Ref. [5] in the plane of the m and −t variables.
in the (π0π0)S mass spectrum in the f0(980) re-
gion gradually disappears and eventually turns into a
resonance-like enhancement [5]. Here it is worth not-
ing that the amplitude (2) on the mass shall [aππ(m,
t = m2π)] vanishes at m = m0 ≈ 0.986 GeV, i.e., just
below the K 	K threshold, due to the destructive in-
terference between the various contributions, and that
the phase shift of aππ(m, t =m2π) goes through 180◦
at this point in close agreement with the experimen-
tal data [12,13]. Analyzing the model of Ref. [5] we
revealed that, as −t increases, the amplitude (2) also
vanishes but for different values of m < 2mK . The
zero “trajectory” of the amplitude (2) in the plane of
the m and t variables is shown in Fig. 1. It is seen
that with increasing−t the amplitude zero shifts, grad-
ually speeding up, from the region of m ≈ 2mK to
the lower mass region. For example, as −t increases
from 0.09 GeV2 only by 0.026 GeV2, it crosses the
wide region of m from 0.91 to 0.60 GeV.
Thus we discover at once two striking predictions
of the POPE model [5]. First, for each fixed (π0π0)S
the amplitude aππ (m, t) in Eq. (1) is compensated by the very
rapidly dropped form factor F(t) = [(Λ − m2π )/(Λ − t)]4 with
Λ = 0.1607 GeV2 which the authors of Ref. [5] ascribed to the
nucleon vertex (see also Refs. [6,7,9]). Such an ascription leads
to unsolvable difficulties in different reactions. For example, the
above form factor would yield an abnormally sharp drop of the one-
pion exchange (OPE) contribution to the differential cross section
for the charge exchange reaction pn→ np. Since dσ (OPE)(np→
pn)/dt ∼ |F(t)|4, then, in the −t region from 0 to 0.2 GeV2 this
cross section drops like exp(56t), which is comparable only to the
fall of the cross sections of diffractive processes on complex nuclei.
invariant mass value m < 2mK (or more precisely,
for each small m bin) the presence of a dip in the
t distribution, dN/dt , is predicted in the low −t
region. For example, in any interval of m from the
region 0.6 < m < 0.91 GeV, a dip in dN/dt must
be located near −t ≈ 0.1 GeV2, and, as m increases
from 0.91 to 0.986 GeV, it must move to t = 0.
Second, the model predicts that the m distribution
of the π−p → (π0π0)S n reaction events, dN/dm,
for 0.6 < m < 0.9 GeV must be suppressed in the
vicinity of −t ≈ 0.1 GeV2 because in this region
of the variables the one-pion exchange amplitude is
close to zero, but, for m > 0.9 GeV it must sharply
increase. Thus the model of Ref. [5] describing the
GAMS data [1] on the alteration of the (π0π0)S mass
spectrum in the f0(980) resonance region for −t >
0.3 GeV2 can be unambiguously checked owing to its
predictions for the dN/dt and dN/dm distributions
for 0 < −t < (0.2 − 0.25) GeV2 and 0.6 GeV <
m < 2mK . Certainly, to do this much more detailed
data are required than those presented by the GAMS
Collaboration. Let us recall that the GAMS data [1]
on the reaction π−p → (π0π0)S n include single
dN/dm distribution in the region 0.8<m< 1.2 GeV
for 0 <−t < 0.2 GeV2 (i.e., for the low −t region as
a whole) and the dN/dm distributions in the region
0.6 < m < 1.4 GeV for five overlapping intervals
of −t covering the region 0.3<−t < 1 GeV2.
In the subsequent versions [6–9] of the POPE
model [5], the K-matrix analysis of the IJ PC =
00++ waves has been extended to the wider regions
of m and a larger number of the coupled channels.
In Ref. [6], four resonances coupled to ππ , K 	K , ηη,
and 4π channels have been included in the K ma-
trix and the region up to 1.55 GeV has been ana-
lyzed. Five resonances coupled to five channels have
been taken into account in Refs. [7–9] and the re-
gion of the data description has been extended up to
1.9 GeV. Certainly the further resonances with masses
in the range 1.2–1.9 GeV [6–9] exert some influ-
ence on the mass region below 1 GeV. However, with
the exception of some details, all essential predictions
of the two-resonance model [5] for m < 1 GeV re-
main valid. For example, the most essential feature of
the one-pion exchange amplitude parametrization pro-
posed in Ref. [5], namely, the passage through zero
of the residue of the lowest-mass resonance with in-
creasing −t , takes place in all subsequent variants.
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The mass of the lightest resonance varies with the
K-matrix parametrization from 0.65 to 0.86 GeV
[5–9]. According to the best fit of Ref. [5] the residue
of the resonance vanishes at −t = 0.0728 GeV2 (this
fact has been already mentioned above), according to
Ref. [6] (solution I) at −t = 0.117 GeV2, according to
Ref. [7] (solution I) at−t = 0.0683 GeV2, and accord-
ing to Ref. [8] at −t = 0.038 GeV2. Unfortunately, in
Ref. [9], the parameter values needed for the determi-
nation of the zero location are absent.
Note that the a1-exchange contribution also ap-
peared in Ref. [8]. However, it was taken into ac-
count in a “purely cosmetic way” since, in doing so,
the parametrization of the one-pion exchange ampli-
tude and its dominant role in the description of the ob-
served dependence on t was actually unchanged. As
the a1-exchange contribution is really small in the low
−t region, it is reasonable that the predictions of the
model [8] for small −t and m < 1 GeV as a whole
turned out to be close to those of the POPE model [5]
which were qualitatively described above. In fact, this
claim can be seen immediately on inspection of Fig. 3
and 5 of Ref. [8] showing the predicted m and t distri-
butions of the π−p→ (π0π0)S n events. In the sub-
sequent publication [9] the authors again did not take
into account the a1-exchange mechanism, as in previ-
ous publications, Refs. [5–7].
3. Comparison with the BNL data
The BNL-E852 Collaboration presented the high-
statistics m distributions for the π−p → (π0π0)S n
reaction events in the region 2mπ < m < 2.2 GeV
with the 0.04 GeV—wide step in m for nine sequential
fine bins in t covering the region 0 <−t < 0.4 GeV2
and for a single wide −t interval from 0.4 to 1.5 GeV2
[4]. The BNL data, which we use to check the
predictions of the POPE model [5], are shown in
Figs. 2 and 3. Let us stress that we are not concerned
with the fitting of these data in the framework of the
POPE model [5]. We just use the model with those
values of its parameters which ensure the best fit to the
GAMS data [1] and compare its predictions with the
BNL data [4] both on the m distributions pertaining
to the six fine t bins covering the region 0 < −t <
0.2 GeV2 and on the t distributions for six 0.04 GeV—
wide intervals in m which we selected as an example
from the region 0.6<m< 1.12 GeV. Similar detailed
distributions have not been presented by the GAMS
Collaboration [1,2]. The only parameter the value
of which is needed to be determined once again is
the overall normalization constant C in Eq. (1). We
found this parameter by normalizing the theoretical
distribution to the total number of events in the interval
0.6 < m < 1.2 GeV for 0.01 < −t < 0.03 GeV2.
The data on the distribution dN/dm for this region
of the m and t variables are shown in Fig. 2(b).
Note that among all the isometric intervals of t the
interval 0.01<−t < 0.03 GeV2 contains the maximal
number of the π−p→ (π0π0)S n events in the region
0.6 < m < 1.2 GeV. We consider such a choice of
overall normalization to be quite applicable to give a
descriptive comparison between the experimental and
theoretical distributions in m and t .
Fig. 2 shows that there is a satisfactory qualitative
agreement of the experimental and theoretical distrib-
utions dN/dm in the intervals 0 < −t < 0.01 GeV2
and 0.01 < −t < 0.03 GeV2. However, with increas-
ing −t , the shape of the theoretical distributions in m
sharply changes. Note that this fact is in line with the
expectations given in Section 2. In addition, it can be
seen from Fig. 2 that, according to the POPE model
[5], the transformation of a dip in the f0(980) region to
a resonance-like bump occurs in the−t range from 0.1
to 0.2 GeV2, i.e., too rapidly. As is also clearly seen
from Fig. 2, the experimental distributions dN/dm
remain, in fact, similar to each other throughout the
low −t region from 0 to 0.2 GeV2 and all of them
have a dip on the place of the f0(980) resonance.
Let us emphasize again that unlike the detailed infor-
mation presented by the BNL-E852 Collaboration for
0 <−t < 0.2 GeV2, the GAMS Collaboration has pre-
sented for this t region, containing some 90% of all
π−p→ (π0π0)S n events, a single “global” distribu-
tion dN/dm, and it is precisely this rough one that has
been fitted successfully by using the POPE model [5].
The BNL data [4] on the t distributions and the
corresponding theoretical predictions are shown in
Fig. 3. It is seen that the POPE model [5] predicts the
presence of a dip in these distributions in the low −t
region if m < 2mK . In direct contradiction, no such
dip is observed in reality.
It is evident that the character of the POPE model
predictions will not be altered significantly, even if
the finite experimental resolutions in m and t are
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Fig. 2. The (π0π0)S mass spectra, dN/dm, in the reaction π−p→ π0π0n for six sequential intervals of −t shown just in the plots. The data
are from the BNL-E852 Collaboration [4]. The curves are constructed by using Eqs. (1)–(3), (5) and (6). The used values of the parameters are
mentioned in the text.
N.N. Achasov, G.N. Shestakov / Physics Letters B 528 (2002) 73–80 79
Fig. 3. The t distributions, dN/dt , of the π−p→ (π0π0)S n reaction events for six intervals of the invariant mass of the (π0π0)S system, m,
shown just in the plots. The data are from the BNL-E852 Collaboration [4]. Here, as well as in Fig. 14 of Ref. [4], the data for the intervals
0<−t < 0.01 GeV2 and 0.01 <−t < 0.03 GeV2 are combined. The curves are constructed by using Eqs. (1)–(3), (5) and (6). The used values
of the parameters are mentioned in the text.
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taken into account in the construction of the theoretical
curves. In any case, the agreement of the model with
the BNL data cannot be made adequate in this way.
4. Conclusion
The question whether the observed alteration of
the (π0π0)S mass spectrum in the reaction π−p→
(π0π0)S n with increasing −t can be described exclu-
sively in terms of the amplitude with quantum num-
bers of the π Regge pole in the t channel is absolutely
valid and deserves to be thoroughly considered. There-
fore, the first attempt to solve this question undertaken
in Ref. [5] was of great importance. In our opinion, the
merit of this work is the formulation of the particular
one-pion exchange model containing some clear pre-
dictions which can be easily tested by experiment. The
above analysis shows that these predictions are contra-
dicted by the detailed BNL data on the m and t distrib-
utions of the π−p→ (π0π0)S n events. Nevertheless,
it would be highly desirable that the GAMS Collab-
oration, heaving the highest statistics on the reaction
π−p→ π0π0n [1,2], will publish their m and t dis-
tributions of the (π0π0)S production events for fine t
and m bins for 0 <−t < 0.2 GeV2 and m< 1 GeV.
In accordance with the aforesaid discussion, it is
pertinent also to stress that those consequences that
were extracted in Refs. [8] and [17] from the analyses
of the GAMS data by using the POPE model are not
justified.
Acknowledgements
The present work was supported in part by the grant
INTAS-RFBR IR-97-232.
References
[1] D. Alde et al., Z. Phys. C 66 (1995) 375.
[2] Yu.D. Prokoshkin, A.A. Kondashov, S.A. Sadovsky, Phys.
Dokl. 342 (1995) 473.
[3] B.B. Brabson, in: M.C. Birse, G.D. Lafferty, J.A. McGovern
(Eds.), Proceedings of the 6th International Conference on
Hadron Spectroscopy, HADRON ’95, Manchester, UK, 1995,
World Scientific, Singapore, 1996, p. 494;
A.R. Dzierba, Nucl. Phys. A 623 (1997) 142c.
[4] J. Gunter et al., Phys. Rev. D 64 (2001) 072003, hep-
ex/0001038;
The detailed results of the partial wave analysis are available
on the World Wide Web: http://dustbunny.physics.indiana.edu/
pi0/pi0pwa/.
[5] V.V. Anisovich et al., Phys. Lett. B 355 (1995) 363.
[6] V.V. Anisovich, A.V. Sarantsev, Phys. Lett. B 382 (1996) 429.
[7] V.V. Anisovich, Yu.D. Prokoshkin, A.V. Sarantsev, Phys. Lett.
B 389 (1996) 388.
[8] V.V. Anisovich, D.V. Bugg, A.V. Sarantsev, Phys. Lett. B 437
(1998) 209.
[9] V.V. Anisovich et al., Yad. Fiz. 63 (2000) 1489.
[10] N.N. Achasov, G.N. Shestakov, Phys. Rev. D 58 (1998)
054011, hep-ph/9802286.
[11] P.E. Schlein, Phys. Rev. Lett. 19 (1967) 1052;
E. Malamud, P.E. Schlein, Phys. Rev. Lett. 19 (1967) 1056.
[12] B. Hyams et al., Nucl. Phys. B 64 (1973) 134;
B. Hyams et al., Nucl. Phys. B 100 (1975) 205.
[13] P. Estabrooks, A.D. Martin, Nucl. Phys. B 79 (1974) 301;
P. Estabrooks, A.D. Martin, Nucl. Phys. B 95 (1975) 322.
[14] W. Hoogland et al., Nucl. Phys. B 69 (1974) 266;
W. Hoogland et al., Nucl. Phys. B 126 (1977) 109.
[15] M. Svec, Phys. Rev. D 53 (1996) 2343.
[16] R. Kamin´ski, L. Les´niak, K. Rybicki, Z. Phys. C 74 (1997) 79.
[17] V.V. Anisovich, V.A. Nikonov, A.V. Sarantsev, hep-ph/
0102338.
